Introduction
Intracytoplasmic sperm injection (ICSI) has been used successfully mainly for resolving severe male factor infertility and/or cases that were not amenable to other treatments before . All classes of sperm defect were successfully treated with ICSI (Tournaye et al., 1994; Craft et al., 1995; Harari et al., 1995; Kupker et al., 1995; Nagy et al., 1995b; Silber et al., 1995; Trokoudes et al., 1995; Tucker et al., 1995a) . The literature, so far, has shown that the rate of oocyte activation, subsequent fertilization, and early embryo cleavage were not determined and/or affected by any particular class of sperm defect (Van Steirteghem et al., 1993; Redgment et al., 1994; Tsirigotis et al., 1994; Nagy et al., 1995a; Tucker et al., 1995b) . Although questionable, it is possible that egg organization is instrumental in the patterning of the early embryo in mammals (Gardner, 1996) . Variations in oocyte quality and 'maturity' may account, in part, for variations in the rates of fertilization, embryo cleavage, implantation, and continuation of pregnancy in cases of ICSI (Gabrielsen et al., 1996) . Oocyte factors (maturation and quality) could relate to the morphology of oocyte vestments, zona and cytoplasm morphology, clarity of cytoplasm or any other yet undetermined morphological parameters.
In conventional in-vitro fertilization (IVF), several investigators have correlated oocyte morphology to outcome. Fertilization failures in IVF have been reported to be associated with alterations in oocyte structure and cytoplasmic organization (Nayudu et al., 1989; Van Blerkom, 1990) . Van Blerkom and Henry (1992) demonstrated that aneuploidy exists in about half of the oocytes with certain dysmorphic phenotypes (Van Blerkom, 1990 ) which arise early in meiotic maturation. Scott and Smith (1998) found a correlation between the alignment of pronuclei and nucleoli and the appearance of the cytoplasm in pronuclear-stage zygotes and their implantation rate. Payne et al. (1997) studied fertilization events by using time-lapse video cinematography. They found that good quality embryos arose from oocytes that had more uniform timing from injection to pronuclear abuttal and tended to have a longer cytoplasmic wave.
In ICSI, the correlation between oocyte morphological features and oocyte physiology or fertilization is not clearly determined and only a few studies are available in this respect. De Sutter et al. (1996) did not find any correlation between oocyte morphology (by light microscopy) and the fertilization rate and embryo quality after ICSI. Among the morphological features that they studied were dark incorporations, dark zona pellucida, large perivitelline space, spots, vacuoles, refractile bodies, and irregular shape. Alikani et al. (1995) concluded that aberrations in the light microscopic morphology of the cytoplasm of human oocytes (cytoplasmic granularity, areas of necrosis, vacuoles, non-spherical shape, as well as abnormalities of the first polar body) are of little or no consequence to fertilization or early cleavage after ICSI. However, they had concerns that the resulting embryos could have a reduced potential for implantation and further development. Serhal et al. (1997) and Schmutzler et al. (1997) observed reduced implantation rates when ICSI embryos were derived from oocytes with abnormal cytoplasm morphology. Fertilization rates, cleavage rates and embryo morphological quality were normal, however. One single report (Xia, 1997) suggested that human oocyte grading based on three factors (status of the first polar body, size of the perivitelline space and presence of cytoplasmic inclusions) was related significantly to fertilization rate and embryo quality after ICSI.
The present work is, to our knowledge, the first description of the presence of dark coarse granules in the perivitelline space (PVS) in a fair percentage of oocytes. This oocyte morphological feature (i.e. PVS granularity) was seen by light microscopy during the process of ICSI. Previous descriptions of granular material in the PVS were made using either electron microscopy combined with staining or cytochemical studies (Stastna et al., 1983; . The present prospective work studied the incidence of granularity in the PVS in oocytes with different maturational stages, i.e. germinal vesicle, metaphase I (MI), and metaphase II (MII) oocytes. Factors that might be related to the occurrence of granularity in the PVS were studied. These included patients' biodata, serum oestradiol concentration on day 8 of stimulation and on the day of human chorionic gonadotrophin (HCG) administration, serum progesterone concentration on the day of HCG and the day after. Also the impact of the presence of granularity in the PVS on the outcome of ICSI was investigated.
Materials and methods

Patients
A total of 206 patients undergoing ICSI for severe male factor infertility in the period from 1/9/96 to 1/4/97 were included in the study. Patients with azoospermia (60 patients) underwent testicular sperm extraction from open testicular biopsies. Azoospermic patients who did not have spermatozoa available for injection were excluded from the study.
Stimulation regimen
A long agonist protocol was used for ovarian stimulation. Buserelin acetate (Suprefact; Hoechst AG, Frankfurt am Main, Germany) was given in a dose of 0.5 mg subcutaneously daily starting on the 21st day of the preceding cycle. Human menopausal gonadotrophin (HMG) [Pergonal 500; Serono S.P.A, Rome, Italy, packed by E.I.P.I.C.O., 75 IU of follicle stimulating hormone (FSH) and 75 IU of luteinizing hormone (LH) per ampoule] was started, after menstruation, when serum plasma oestradiol dropped below 40 pg/ml. The starting dose of HMG varied between 3 to 6 ampoules per day (as judged by previous responses, age, etc.) and was titrated according to oestradiol concentration and serial transvaginal sonography results (Combison 310A; Kretztechnik, Zipf, Austria). Serum oestradiol concentration was estimated on day 8 of stimulation and on the day of HCG. Serum progesterone concentration was determined on the day of HCG and the day after. The ovulatory dose of HCG (10 000 IU, Pregnyl; Organon, Egypt) was administered when at least three mature follicles 3426 (mean diameter 18 mm) were seen with concomitant oestradiol of 150 pg/ml/follicle above 16 mm.
Oocyte retrieval
The interval between HCG and oocyte retrieval varied between 34 and 37 h. Oocytes were retrieved using transvaginal ultrasonography (Combison 310A; Kretztechnik).
Sperm preparation
Semen samples were left to liquefy for 30 min. IVF medium (Medicult a/s, Copenhagen O, Denmark) (double the volume of semen) was added to semen, well mixed, and centrifuged at 500 g in conical tubes. Supernatants were removed, and pellets resuspended in 2 ml of IVF medium, recentrifuged, and supernatants removed. In cases where adequate motility was observed in the original sample, swimup was carried out, otherwise the pellets were resuspended in 30 µl of medium. In cases of azoospermia, open testicular biopsies were performed on the day of oocyte retrieval. Testicular biopsy specimens were put in sterile tubes containing 4 ml of Ham's F10 medium. Each specimen was transferred into a sterile Petri dish and covered by Ham's F10 medium. Seminiferous tubules were thoroughly cut under the dissecting microscope using two hypodermic needles attached to insulin syringes. The contents of the Petri dish were then transferred to a conical tube and left to stand for a few minutes. The supernatant was then transferred into another conical tube, double washed with IVF medium and the pellet resuspended in 30 µl of medium, and used for microinjection.
Oocyte preparation
Oocytes were preincubated in IVF medium (Medicult a/s). Cumulus and corona removal was performed 3 h after oocyte retrieval in all patients. Cumulus was removed from the oocyte complexes by repeated pipetting for 15 s in freshly made hyaluronidase (Medicult a/s). Corona cells were mechanically removed in HEPES-buffered medium (Spermprep; Medicult a/s) using finely pulled glass pipettes. Oocytes were, thereafter, adequately rinsed several times and incubated in IVF medium.
Each oocyte was examined immediately after corona removal, under the high-power magnification of the inverted microscope (first observation), for the presence of dark granules in the PVS. PVS granularity was defined as dark coarse granules in more than one row covering all the circumference of the PVS, and such oocytes were designated granular (Figure 2) . Oocytes without such criteria were designated non-granular (Figures 1 and 3) .
Microinjection procedure
Sperm Petri dishes were prepared with two droplets made of 2-3 µl of freshly made polyvinylpyrrolidone (PVP) solution (Medicult a/s) and another droplet of PVP was mixed with prepared spermatozoa; all were covered by light mineral oil. Oocyte microinjection dishes were prepared with four 3-4 µl droplets of a HEPES-buffered medium (Spermprep; Medicult a/s) and one 2-3 µl droplet of PVP solution. The holding and the injection pipettes were freshly made (Humagen Fertility Diagnostics Inc., Charlottesville, VA, USA). Motile spermatozoa were selected, and transferred without immobilization into the PVP droplet in the oocyte microinjection dish. Oocytes were transferred, thereafter, to the microinjection dish (four oocytes per dish). Only MII oocytes were injected. The timing of oocyte microinjection varied between 4 and 7 h after oocyte retrieval. Before microinjection, each oocyte was re-examined under the high-power magnification of the inverted microscope (second observation) for the presence of PVS granularity. Sperm immobilization, individual loading and injection were then carried out. Immobilized sperm cells were aspirated tail first into the injection pipette. Before the injection of the spermatozoon, a small amount of cytoplasm was aspirated to be reinjected again together with the spermatozoon.
Observation and culture
After micromanipulation, the oocytes were washed and incubated in IVF medium (Medicult). Five microdroplets of IVF medium (100 µl each) were put in a Petri dish (Falcon, 3004, NJ, USA) and covered by mineral oil. Three to four injected oocytes were put together in each microdroplet. Fertilization was checked 16 to 18 h later. Fertilized oocytes were transferred into new Petri dishes and cultured together again, in groups of three to four, in IVF medium. Embryos were evaluated 48 h after retrieval. Embryos with Ͻ20% anucleate fragments, equal regular blastomeres, and variable thickness of the zona pellucida were classified as class A embryos.
Individually traced oocytes
One-hundred and twenty-two granular and 82 non-granular injected MII oocytes (a total of 204 oocytes) were cultured separately, each in a separate 100-µl droplet under oil. Droplets were labelled granular or non-granular according to the oocytes cultured. This was done to trace the effect of the presence or absence of PVS granularity on the fertilization, cleavage rates, and embryo quality.
Statistical methods
The statistical analysis was performed using a statistics computer program (SPSS for Windows package release 5.0; SPSS Inc., Chicago, IL, USA). The statistical methods used were the Mann-Whitney Utest, Wilcoxon rank sum W-test, the analysis of variance, and χ 2 test. Probability values Ͻ 0.05 were considered significant.
Results
Relationship between PVS granularity and oocyte maturity
A total of 2288 intact oocytes were retrieved, of these 2063 were MII, 136 MI, and 89 germinal vesicle (GV). Of the MII, MI, and GV oocytes, 708 (34.3%), 6 (4.4%), and none (0%) were granular respectively.
Relationship between PVS granularity and patients' biodata
Patients were divided into two groups according to the percentage of granular MII oocytes in each patient. Group A included patients with granular oocytes below or equal to 50% (n ϭ 162), while group B included those with granular oocytes above 50% (n ϭ 44). There was no statistically significant Values are means Ϯ SD. *Statistically significant difference between groups (P Ͻ 0.05). G ϭ oocytes with dark coarse granules in more than one row covering all the circumference of the perivitelline space; HCG ϭ human chorionic gonadotrophin; HMG ϭ human menopausal gonadotrophin. difference in the age in groups A and B (Table I ). The number of stimulation days and total number of HMG ampoules were significantly lower in group A than in group B (Table I ). There were no statistically significant differences between group A and B in serum oestradiol concentration on stimulation day 8 and on the day of HCG, progesterone concentration on day of HCG and the day after (day ϩ1), HCG to oocyte retrieval interval, and oocyte retrieval injection interval (Table I) .
Relationship between PVS granularity and the period of invitro incubation
The incidence of granular oocytes in all patients was identical in the first and second observations (after cumulus and corona removal, 3 h after oocyte retrieval, and at the time of microinjection, 4 to 7 h after oocyte retrieval respectively). Moreover, as mentioned before, there was no significant difference between groups A and B in the oocyte retrievalinjection interval (Table I) .
Relationship between PVS granularity and ICSI results
The number of oocytes retrieved was comparable in both groups (Table II) . The percentage of MII oocytes, however, was significantly lower in group A (87.8 Ϯ 1.2 versus 94.1 Ϯ 1.3%). There were no statistically significant differences between groups A and B in the fertilization rate, cleavage rate, percentage of class A embryos, and the percentage of class A embryos with at least four blastomeres (Table II) .
Relationship between PVS granularity and pregnancy outcome
The mean number of embryos transferred was comparable in groups A and B (Table II) . The ongoing pregnancy rate and abortion rate (per transfer) as well as the implantation rate were not significantly different in groups A and B (Table II) .
Relationship between PVS granularity and response to stimulation There were no statistically significant differences between poor responders (less than six oocytes recovered), intermediate responders (six to 10 oocytes recovered), and high responders Values are means Ϯ SD. Values in parentheses are percentages. *Statistically significant difference between groups (P Ͻ 0.05). G ϭ oocytes with dark coarse granules in more than one row covering all the circumference of the PVS; MII ϭ metaphase II; class A embryos ϭ embryos with ഛ 20% anucleate fragments, equal regular blastomeres and variable thickness of the zona pellucida.
(more than 10 oocytes recovered) in the percentage of granular oocytes (32.3 Ϯ 5.2% versus 25.9 Ϯ 3.9% versus 35.6 Ϯ 3.2% respectively).
Relationship between PVS granularity and the total number of HMG ampoules
Patients were divided into three categories according to total HMG dose. The low-dose category included those patients who received less than 30 HMG ampoules, the intermediate dose category received 31 to 45 ampoules, and the highdose category received more than 45 ampoules. There were statistically significant differences between the three categories in the percentage of granular oocytes (low-dose category: 17.4 Ϯ 5.2%; intermediate dose category: 26.7 Ϯ 3.2%; and high-dose category: 45.4 Ϯ 4.2%). No statistically significant differences were found between the three categories as regards the ongoing pregnancy rates per transfer (22.2%, 14.7% and 14.5% respectively) and the implantation rates (11.8%, 10.4% and 10.1% respectively).
Outcome of oocytes with granular and without PVS granularity
A total of 204 oocytes were traced for the effect of the presence and absence of granularity in the PVS on the fertilization, cleavage, and embryo quality. Oocytes designated granular (n ϭ 122) did not differ significantly from oocytes designated non-granular (n ϭ 82) in their fertilization rate, cleavage rates, and percentage class A embryos (Table III) .
Discussion
The present work demonstrated a significant relationship between PVS granularity and the maturational stage of the oocytes: PVS granularity was present in 34.3% of the 2063 MII oocytes, in only 4.4% of the 136 MI oocytes, and absent in 89 GV oocytes. The true nature and origin of PVS granularity is not known. Whether the presence of PVS granularity represents a physiological or a pathological process, such as cytoplasmic fragmentation in the process of apoptosis, is not clear (Tilly, 1996) . There is plenty of evidence to suggest that some PVS inclusions are the remnants of coronal cell processes, which, while they usually withdraw as the oocyte undergoes the resumption of meiosis, may leave scraps behind as maturation proceeds (Gilula et al., 1978; Stastna et al., 1983; Macchiarelli et al., 1992; York et al., 1993; Sathananthan, 1997) . Another source of granularity in the PVS was described by and in their ultrastructural studies of human oocytes. They found that unfertilized human oocytes have an extracellular matrix comprising granules and filaments in their PVS. The granule/filament matrix appears identical to the matrix seen between cumulus and corona radiata cells. They have proved that the matrix comprises protein and hyaluronic acid. Stastna et al. (1983) , using electron microscopy and cytochemical studies, described important changes that take place in the cortical cytoplasm of human oocytes in connection with their maturation. They found that fine flocculent material is deposited in the PVS in conjunction with the interruption of contacts between granulosa cell processes and the oocyte. They also described the presence of morphologically distinct secretory vesicles in the cortical cytoplasm of human preovulatory oocytes. Their number increased markedly during the resumption of meiosis when they released their contents into the PVS. The secretory vesicles extruded their glycoprotein content into the PVS in close temporal relationship to the interruption of oocytefollicular cell contacts.
Induction of final oocyte maturation is HCG related. We speculate that retrieved MI and GV oocytes, therefore, could have a defect in responding to HCG and/or LH signals expressed as the lack of polar body extrusion and the absence of PVS granularity respectively. The lack of such an expression could be a function of either lower concentrations of the relevant hormones or a receptor or post-receptor defect. Imthurn et al. (1996) studied the effect of LH exposure during ovulation induction on the maturity and morphology of oocytes in ICSI cycles. They compared ovulation induction with a short agonist protocol using either pure FSH or HMG. They found that a significantly higher proportion of oocytes in the FSH group were meiotically mature (MII) than in the HMG group. Furthermore, in the FSH group, significantly fewer oocytes with dark cytoplasm were observed. However, fertilization, cleavage and pregnancy rates were comparable in both groups.
Granularity of the PVS was not related to the patient's age, response to stimulation in terms of oestradiol concentrations and number oocytes retrieved. It was also unrelated to the occurrence of premature luteinization as it was not related to the concentration of progesterone on the day of HCG. No effect of progesterone rise in agonist cycles on oocyte quality and ICSI outcome was similarly confirmed by Ubaldi et al. (1995) . The response of the granulosa cells to the HCG stimulus (represented by the concentration of progesterone on day ϩ1) also did not affect the extent of granularity in the perivitelline space. Longer incubations in vitro did not seem to increase the percentage of granular oocytes since the percentage of granular oocytes was identical in the first and second observations, and there was no significant difference between the oocyte retrieval-injection intervals in patients with high and low granular oocyte percentages.
The suggestion that granularity in the PVS is a physiological maturation-related phenomenon is further emphasized by the absence of any effect on fertilization, cleavage rates and embryo quality. The absence of a detrimental (or beneficial) effect of PVS granularity is also verified by comparable percentages of granularity in poor and good quality cycles, as well as by the absence of any impact on the pregnancy and implantation rates. This appears somewhat different from previous reports on the associations between human oocyte dysmorphisms and embryo viability after ICSI Schmutzler et al., 1997; Serhal et al., 1997) . The abnormalities observed in the dysmorphic oocytes were, however, either cytoplasmic disorders (vacuoles, dark inclusions, refractile bodies, and cytoplasmic granularity) or anomalies in the size and shape of the PVS, the polar body, the zona pellucida or the oocyte itself.
PVS granularity detected by the inverted microscope was first described in the present study. The work suggests that it is related to oocyte maturation and could be enhanced by exposure to high doses of HMG. The nature of such granularity remains to be determined.
